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ABSTRACT 

This first quarterly report contains a description 

of the work uncer Contract rO'osr-55753 for high KVA trans- 

mitting types of ^lass capacitors, case sizes 75 through 95. 

.i critical examination is Bade of the existing requirements 

for mica capacitors of these sizes, and their interrelation. 

The background of previous and current work and the results 

obtained pertinent to this contract is described, including 

Corning patents and patent applications on the capacitors 

and the components.  information applicable to this work 

which has been obtained under our present Contract 

Drt3o-J39-sc-l!>509 for medium power capacitors is reviewed, 

and possible further work discussed,  '/ork finished ;o far 

and a schedule for future work is presented in chart form, 

and the program for the next reporting interval is briefly 

outline d. 
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CHPHCITORS,  HICJH KVA TRA! SKITTING TYPr:3,  OLHSS DIELECTRIC 

• 

PURPOSE 

The purpose of this contract is the development of 

design and of manufacturing procedures for transmitting types 

of capacitors with glass as a dielectric.  * sufficient number 

(25) of Capacitors for test of each of 7 specific ratings will 

be made on the straight-run production facilities to be set up 

for the capacitors whose design is to be determined, and will be 

supplied to the Bureau of Shi^s for evaluation.  These represent 

the largest capacitance rating (10,000 or 100,000 mmfd) in each 

of the five case sizes 75 to 95; plus the lowest (100 mnfd) and 

an intermediate capacitance (1800 mmfd) in the largest case 

size.  The capacitors are specifically intended as mica re- 

placement capacitors, and will, wherever possible, meet or 

exceed the reouirenents as outlined in the Military Specification 

J.iN-C-5 already in existence for mica capacitors.  The purpose 

and re-iuirenents are clearly defined in the Specification, 

Ships-C-695, 1U  ^pril 1952, covering this contract.  Portions 

of tnis specification which are pertinent to an understanding 

of the aims and requirements of this work are reproduced here, 

for ready reference.  Of interest also is the concurrent 

contract L».t36-G.J9-sc-)3509 for development of medium power 

capacitors,  i.uch of r.nv   information gained in this research 

is directly applicable to !'Gbsr-5755#, and will be reviewed 

below. 
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SHIPS-C-695 
14 npril 1952 

BUREAU  OF SHIPS CONTRACT SPECIFICATION 

C^PHCITORS,   HIGH I'VA TRANSMITTING TYPES, 

GLHSS DIELECTRIC 

This  specification is for  use only with Bureau 

of Ships Contract NObsr-5755^.     (Work Order No.   600-2627$). 

I.     SCOPE 

1.1  This specification is to cover, under the 

conservdtion of r.aterial program, the design ^nd producticn 

techniques of high KV<i transmitting types of capacitors using 

a glass film in place cf mica as the dielectric material. 

3. HE ui;,.::...:rr3. 

3.1  Reliabilityt-Reliable performance shall be 

maintained under conditions of intermittent or continuous 

operation upon exposure to the adverse conditions normally 

encountered in the Naval service ac generally specified in 

Specification 16E4«  All items or parts entering into the 

construction of the capacitor shall be capable of operating 

in the temperature and humidity ranges as specified in 

Specification JHN-C-5. 

J,2 Material.-The selection and application of 

materials 3hall be governed by the test standards and practices, 

and shall bo suitable fcr '.'aval application in electronic 

equipment. 

3.3  jennral.-Th" canacir.ors shall meet the 

electrical and environingntal recuirements cf J ecificaticn J«H-C-5, 

except as otherwise specified herein. 

COFY 
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3.4 The requirements  of  this  specification  shall 

be considered minimum requirements.     The  contractor shall examine 

possible improvements  over and above those outlined herein. 

Approval cf the  Bureau of  Jhips  shall be  obtained  for any devi- 

ations from the provisions of   this  specification. 

3.5 Construction.-The contractor  shall develop 

design  and  production  techniques  for the  constructim of high 

KVn   transmitting  types of   capacitors utilizing  a glass  film as 

a  dielectric material.     The glass capacitors shall bp  equal to, 

or better than the high KVn  transmitting  types   (ZV.70  to  CM95) 

as  specified in Specification JAN-C-5. 

3.6 teigjit and   size^-In  terns  of size and weight, 

the   capacitors   shall  be   equal  to  or   less than  the   high  KVA 

transmitting  types,   specified  in Specification  JnN-C-5. 

3. 7    T-,-,7.. irnMir-'   ^cr-ffirjunt  of   capacitance.-The 

temperature coefficient  of capacitance  shall be no  greater than 

140   IP!',  t.nd  the   temperature   coefficient   shall   be   :-;uch  as  to  allow, 

us   nearly  as   possible,   a   linear  change   of  capacitance with 

temperature* 

3.8 The contractor shall provide ; reduction 

facilities for straight-run production of glass dielectric, 

high KVA trcini:rr.itting types  of  capacitors. 

3.M     ih>   contractor  shall  furnish  from his 

straight-run  production   facilities  twenty-five capacitors  for 

each cf the following ratings: 

COi'Y 
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• Capacitance 
(uuf) 

Peak working 
voltage 
(volts) 3 nc. 

Current ratings 
(amperes) 

1 mo.   0»3 cc 0.1 DC. 

10,000 15,000 51 75     47 20 

106,300 3,000 30 62    43 39 

100,000 2, 0C0 24 51     39 24 

100,000 1, 500 20 39     36 20 

100,J00 1,000 IS 22     22 16 

100 35,000 12 b.2     2.2 0.62 

1, 100 35,000 33 36     20 7.5 

3.1:      ,'or knar, ship. -',l/orkr.,.n3hlp  shall  be   f_rst  class 

in  every respect. 

L.     .,.i..rLl..C»,   IMSMXriON,    .i'D T  3T PROOUiUH^S 

.1     Issgectlcn procedures.-Th'?   general   ins  ection 

procedures   shall  be   i:.  accordance with   leneral    jpccii'icc.tions  for 

Inspection of . aterial. 

• •'     Oenoral.-inspection  c.nd  tec  inp;   of  c.pacitors 

shall  be   conducted  in accordance with Specification J..N-J-5. 

4»3     Accept..bi 1 ity  test:, -The   capacitors   shall  be 

subjected to  complete  and  exhaustive tests  to   determine  conformance 

with the  recuircracnta ~s  specified  in this   specification. 

..".1     rhe c  ntractor  shall maintain complete 

records  rf ail  e  *.J   t-ken duri.g acceptability  tests. 

••••*     I ei forr.ian-e   'c's.-.he   capacitors  shall  be 

shipped,   at the contractor's expense, to such lection or 

loc.'iens,   <'S the   *?i,.r-.;-u oi   3hi"8    ay specify,   for performance 

tests   *o  (.et^Tiinu  compliance with the   re uire'ients of   this 

specific  tion. 

<-<n»~>v 
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GENERAL FACTUAL DATA 

tfork on gl, ss capacitors by Corning Glass '/orks 

during the past several years he s shown that the glass capaci- 

tor will probably be adaptable as a high quality capacitor for 

general high voltage applications.  It is expected that high 

voltage capacitors made with glas: ^.s a dielectric will have 

several operational advantages over those using mica or other 

dielectrics now commonly used: 

1. The capacitors will have a uniform and pre- 

dictable performance.  .11 properties which are oeter- 

.*'   mined by the behavior of the dielectric materials will 

be the same for every capacitor, 

2. Pre-conditioning operations on the capacitor 

will not be necessary and changes in its properties with 

life, either in store-ge or in operation, will be a mini- 

mum. 

3. It appears likely that the capacitor can be 

nude to be of lighter w-.-ight and perhaps to occupy'less 

volume. 

a.  The sub-sections of the capacitors, made of 

native materials, will be ..Oaptable to the techniques 

of mass production. 

These high power types of  capacitors are usually 

nade of "ub-.sect.ions •vhich are ..rr-.in-'ed in scries-, arallel 

combinations for the renuirod capacitance and voltage.  For 

glass, these sub-sections can be cade as sealed units which 

will be integral and r>elf-suppcrting.  It is possible that 

such units c^n be designed :>o  that a relatively snail number 



of types can be used for assembly into a large range of finish- 

ed capacitors.  This will markedly simplify design and manu- 

facturing problems. 

The mica Jpecification MIL-C-5 (JAN-C-5) to which 

the glass capacitors will be riade to adhere, wherever possible, 

lists a set of requirements in terras of radiofrequency current 

at specified frequencies for each size.  In order to analyze 

these renuirerionts in a systematic manner; and to intercompare 

the requirements for differenct sizes, the specified current 

has been translated into radiofreouency voltage <aad radio- 

frequency power.  These reruirenents are presented as Figures 1 

to 10 inclusive for case sizes 75 to 95.  If we assume that 

the power factor of tr.c capacitor is independent of the 

capacitance and freouency within these ranges, as it should be, 

then we would expect that lor  a given rise in temperature of the 

case under equilibrium conditions, the reactive power of a 

capacitor should also be independent of capacitance and 

frequency. This is, of course, subject to a derating at very 

low capacitances so that to radiofreouency voltage is kept 

below the limits determined bv the geometry of the assembly, 

and at high capacitances "o that the radiofrecuency current 

is kept within limits determined by electrodes and connections, 

.in examination of -"igurcs 1 to 10 shows that the requirements 

as set up for mica capacitors are dependent not only on 

capacitance, but on irequency, and differently for different 

case sizes.  The curves show that in general the radiofrequency 

power is greater at the lower of the specified L  frecuencics, 

and is usually gre-test at 0.3 megacycles, especially through 

the miodle ranges of capacitance. 
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In Figure 11 we have compared the general shape of 

the RF voltage curves <-t 0.3 megacycles for the 5 listed sizes 

CM75 through CI195, and Figure 12 the general shape of the 

reactive power curves at this frequency.  It should be noted 

that these curves are highly idealized, the actual specified 

values are much more irregular.  Table I shows the capacitance 

at which maximum power is dis~>inated (assuming a uniform power 

factor) for e-ch case size, and this is compared to the surface 

area of the case.  This latter r-itio should be a measure of 

the temperature rise of the surface of the capacitor, under 

equilibrium conditions.  It can be seen that part of the results 

of tnis contract may v;^ll become a more self-donsistent and 

realistic s-,t of requircn? nts for radiofrecuency operation for 

these sizes of capacitors. 

• > 

t 

Table I 

Reactive Fo.er of Transmitting Capacitors 

5 

Case 
5 i 7. e 

.* "aximum 
Reactive Power 
(volt ampyres) 

Capacitance 
at . .aximum 

(;..:..fd) 

frequency 

(megacycles )( 

Surface Power per 
.roa Unit ,irer 

3q.In.)(KVrt/inz) 

75 150-'0 1300 0.3 33.3 .475 

to 22200 2^00 0.3 57.0 .390 

V> 37^00 5b00 0.3 102. .370 

90 59500 :300 0.3 142. .420 

95 122 500 5600 0.3 2*4. .435 
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Personnel 

The following r.enbers of z-he Laboratory have spent 

the designated amount of time on this contract during this re- 

porting period: 

Sprague, L. G., Research Llectrical engineer 68 hours 

Carlton, Irs. K., Research Assistant 91 hours 

Iv-n ;ler, Miss 3., Junior Research Assistant 2# hours 

Uncapher, firs. L., Junior riesearch Assistant 16 hours 

Sr.ith, 3. P. , Senior e -.earch associate        40 hours 

Fatents 

The following ;:ateats, issued or pending, are 

considered to be directly up- licable to this work: 

Patent i.o. 2,40$, 529   J.   P. Snith     Auoist 6, 1946 

Patent To. 2,422,^66   D. !:. 3rown 

Patent No. 2,431,9£0 I,   H. armistead 

Patent No. 2,526,703   3. P. Snith 

Fatent Ho. 2,5-6,704   i. J. 3air 

application No.   205,323   J.   P.   Snith Filed January 10,   1951 

This apolicatior. covers the use  of  cover  -;1  ss, 

properly shaped   for  dracitor crver. 

application No.   227,9JO Z.   P.   Smith    t'iled way >:.*,   1951 

This  application covers the  use of an 

auxiliary water-repellent naterial  to 

prevent   penetration of i.oisture  into 

the   Capacitors. 

June 17,1947 

December 2, 1947 

October 24, 1950 

October 24,   1950 
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DETAIL FACTUAL DHTA 

1. Case and mounting of transmitting capacitors. 

A  very important advantage which a glass capacitor 

has is that the dielectrics and electrodes are intinntely 

sealed together.  It is obvious that capacitors fail because 

the localized dielectric stress, usually near the edges of 

the electrodes, becomes excessive for the dielectric.  Homo- 

geneous d electrics such as glass follow the well-known square 

root law for t::c dependence of dielectric strength on thickness. 

It has been found possible to assemble and seal glass capacitors 

for high voltages which consist of n lavers of thin dielectric 

with interpolated uniformly spaced eouipotential plates, rather 

than one layer n times as thick.  These equipotential plates 

force the field to remain much more nearly norr.al to tne plates, 

and reduce the gradients within the dielectric so that the 

failure voltage is very nearly linear with total thickne-s.  The 

behavior is much like that of the usual construction of n 

caoacitors in series.  For voltages such that several layers 

of a given thickness are necess.ry, this greatly reduces the 

required total thickness of dielectric, and therefore the 

size of the capacitor for a given rating. 

This kind of construction was developed for capaci- 

tors of size designation 55 by Corning "rlass Jorks during 

1^H^-1947| and several thousand of them were supplied on order 

to the i.'avy uep-rtment, Bureau of jhips.  5o;..e work has also 

been done on the development of sizes 65 and 70 using this 
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technique. Figure 13 shows the comparison of the glass 

capacitors Made in t. is aanner with tr.e mica capacitors 

they will replace.  Thev are seen to be physically inter- 

changeable with th« bakelito-housed capacitor.  Vithout 

this requirement further economies in size an^ weight might 

become possible.  i few experimental capacitors ..ave been 

made in the gen-.ral form of the cylindrical capacitor3 covered 

by the present contract, by using gl-^ss capacitor components 

containing a lar ;or number of eruipotential electrodes between 

the. active cor.ducors.  Figure 1-* shows a sketch of such an 

assembly, compared to the conventional capacitor housed in a 

ceramic cylinder,  -tgain physical interchangoability has 

be«;n maintained, but it is seen that the weight iias been 

markedly reduced, and bc-cause of the much more efficient 

cooling of the. capacitor proper, the tower might well be 

increased.  Fi ure 15 displays a cormvirison botw^en the rate 

and amount of temperature rise of a standard mica CM80 

capacitor ar.d a glass capacitor i.ade as sketched in Figure 

14.  The over-all height :»f the glass capacitor was 2-3/iJ"; 

of.themica capacitor, 3;.  i'emperature was measured by a 

thermocouple attached directly to the surface.  /*n impjrtant 

advantage of this construction is seen to be the rate at 

which equilibrium is reached.  If the length of the glass 

capacitors had been increased so that an over-all height of 

3" had been required, the equilibrium temperature would 

have been correspondingly reduced. 

I 
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2.     Electrical design of caoacitor components. 

f'uch of the '«ork on electrical design so far 

completed on Contract Da36-039-sc-155O9 cited above is 

directly applicable to this work, and reference is made 

to the first three quarterly Reports of the work under 

that contract for a complete discussion of the results 

obtained. They will be briefly summarized in this and 

the   following  section. 

Life  tests at  35°C  with both DC and 60  cycle AC 

voltages have  sr.own that  capacitors wi'ch gl&ss dielectric 

may be  safely operated at relatively high voltages,     a 

convenient thickness  of   glass  dielectric  is  .0027";  capaci- 

tors of relatively high capacitance nave   survived  life tests 

for  more than   $000 hours at  l£75 volts DC,   or #75  volts AC, 

at 85°-95°C,  with no  failures.     These  therefore may not be 

the up^er  limits of voltage  rating  for this  thickness  of 

dielectric.     Thinner dielectrics   {.0J18" and   .001311)   have 

given  results during the   course of life testing under the 

above  contract which are  poorer than  expected  and  are  not 

yet  entirely  explained,   and dielectric and  strength tests 

are continuing.     Some work   is  now bpinr done  on the replace- 

ment of the aluminum foil  electrodes by metallized or 

evaporated coatings,   to  reduce  the   ..echanical   stress 

introduced by the   £las3-to-netal seal between the  di- 

electric  layerr. and  tne   foils of  different thermal expansion 

coefficients. 

.i  good operating criterion of a capacitor  or a 

capacitor component   xs  the   lowest voltage at which corona 

occurs.     :his  is   even more rlowly  dependent on the thickness 
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of the dielectric than the breakdown voltage.  Measurements 

during the course of the citeo co tract litve shown that the 

onset of corona is at about i+OJ volts for capacitors nade 

with .0027" thick glass, both at 60 cycles and radiofreouencies. 

Thus the glass capacitor can operate at voltages far in excess 

of its corona voltage without srrious effect on its life.  A 

search has been nade for a cuick and reliable electrical method 

of determining th.> onset of corona.  Observation of this as noise 

by a pickup coil or plate near thf capacitor under test is a 

promising method, but has not yet been Made trouble-free. 

The corona discharge occurs first at snail bubbles 

or voids between the layers of the high dielectric constant 

gla .s dielectric at the edges of the relatively thick (.00017''') 

foils. Other .;ases or vapors night be purposely introduced 

into the capacitor to rpduce the corona current or inhibit 

the corona discharge.  ..ttennts to do tais with 30? gave 

negative resuxts.  Experiments to introduce a glass which 

is much softer than the code 3P71 dielectric glass, so that 

it would flow around the ed'ies of the foils during the sealing 

process and fill this space have .so far been fruitless in most 

instances, although -n occasional sample has shown a much higher 

voltage than the others.  This work is also being continued. 

3.  Construction of terninals of capacitors. 

Besides the usual reouirements placed on the 

materials for capacitor terminals bv the electrical and 

environmental conditions und»r which the caracitor will o-erate, 

there is an \r .itional severe one imposed by the fact that they 
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;aust be attached to the ^lass.  T.ie :ype of terminals snown 

in Figure 13 are soldered to thin strios of silver sealed 

to the glass surface.  A satisfactory redesign of this has 

been evolved with the terminal embedded in the mass of the 

^lass and neld there mechanically but prevented from seal- 

ing to tnc glass by a overwrapping of thin netal.  These 

motals are aluminum; the exposed part of the terminal has 

been cased with a soiderable ,.iet~l, or supersonically 

tinned.  This terminal which is relatively simple but 

mechanically rugged, should be adaptable to capacitors as 

described in Figure \U  above. 

C 
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PROGR.J'i FOR  !:::XT  INT'.RV^L 

The program af work  to be  completed for the 

next  reporting  interval  is  dia^rammaticaily  laid  out  in 

the  foregoing schedule,   Figure  lo.     Host of it will be 

a  continuation of work  already  started,   and will be 

directly aimed at  determining the optimum electrical and 

.Mechanical design of   the   into ;ral  sealed capacitor  stacks, 

for  hi^h voltage  capacitors.     The  usual  tests to  evaluate 

the   performance  of tnese  stacks will be  continued and 

amplified.     Parallel  to  this,   and with  it  constantly in 

mind,   will be  the  design of  the  comoleted capacitor, 

terminals,  and housing  if necessary.     A radiofrequency 

oscillator,   wnich  is  now beinr; built by Corning  for 

measurenents on the  comoleted capacitors,   will  oe finished 

and tested.     Life t3st  equipment,   al  o to be  supplied by 

Corning,  will be designed,   constructed,  and placed  in 

operation,    i.uch of this work will be  closely related 

to,   but will be  in addition to,   work on the medium power 

capacitors,   sizes   55 through  73. 

C 
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t IUDIOFKB .U3HCY OSCILLATOR 

The roost  critical measure?  of  the performance 

of these capacitors is their temperature rise,   i.   e., 

power fciCtor,   at rated  radiofreouency  current.    For  such 

measurements a radiofrequency oscillator has been de- 

signed anu  is being built  by Corning Glass   /orks.     It  is 

believed to be of  general  interest,   and for reference 

the  circuit  diagrams follow. 

The RF amplifier, which is a -jair of triodes 

operating in pusfc-pull Class C, is exited by <j. crystal- 

controlled criver-amplifier sta'je for frequency stability. 

/. maximum plate voltage of 4.5 I'V will be available from 

the Viiriac-cot.trolled full wave po^er supply, which will 

be sufficient for raaiofrecency neasurements at maximum 

reactive po"-er  (122:;Va)   for   the   largest Cuse  size. 

C 
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